A direct piece-by-piece data assimilation targeting strategy through observing system simulation experiments was used to examine the quality of the target area for forecast metrics with different nonlinearities in a mesoscale convective vortex-associated rainfall event from both a deterministic and probabilistic perspective.
Introduction
Targeted observation, or adaptive observation, is a process that estimates areas where assimilated additional observations would substantially reduce forecast error. Targeted observation has been an active research topic since it was first proposed (Snyder 1996) . Targeting strategies can be roughly grouped into two categories, including adjoint sensitivity or singular vector (e.g., Buizza and Palmer 1995; Langland and Rohaly 1996; Pu et al. 1997; Palmer et al. 1998; Gelaro et al. 2002; Coutinho et al. 2004; Wu et al. 2007b) , and ensemblebased methods (e.g., Bishop and Toth 1999; Anderson 2001; Bishop et al. 2001; Majumdar et al. 2002a,b; Hamill and Snyder 2002; Ancell and Hakim 2007; Liu and Kalnay 2008) . In addition to all the above linear-based methods, Mu et al. (2003) proposed a conditional nonlinear optimum perturbation (CNOP) method.
Shortly after the theory of targeted observation was proposed, a series of field campaigns were launched for midlatitude weather, such as the found that target areas for forecasted rainfall and TE were substantially different from that for initial TE. This result indicates that assimilating extra data that may improve the initial flow and temperature the most, does not guarantee the greatest improvement in their forecast skill, let alone their associated rainfall. The weak nonlinearity of TE seemed to only change the location of the compact target area for the initial TE, while the strong nonlinearity of rainfall seemed to change both the location and compactness of the target area.
Finally, it is important to note that this study was based on one case using the 3DVar data assimilation method for synthetic wind-profiler observations. The results obtained within an OSSE framework may not be fully applicable to real-world situations. Using realworld satellite data to examine the quality of target areas is worthy of examination in the future. Further work covering more cases, different forecast metrics, data assimilation methods, synthetic observation platforms, and sizes of data units needs to be done to obtain more general conclusions. The direct piece-by-piece data assimilation targeted observation strategy used in this study is an ideal method to examine targeted observation in a theoretical context, but it is almost impossible to apply it operationally since it requires future observations or ''truth'' to work. Besides assessing the quality of the target area, this PBPDA targeting strategy could also be used to verify the relative performance of various targeting observation strategies.
